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Abstract. - The electron spin resonance (ESR) spectroscopy was employed to investigate the
spin dynamics in triangular lattice antiferromagnets CuCr1−xMgxO2 with x = 0 and 0.02. All
spectra can be well fitted by a single Lorentzian lineshape. The analysis of the g factor, the
linewidth △H , and the ESR intensity I as a function of temperature suggests the development
of significant antiferromagnetic (AFM) spin fluctuations at temperature well above TN in both
samples. However, the evolution of the AFM spin fluctuations is different for each sample. For
undoped sample the ESR intensity I is almost temperature independent between ∼ 100 K and
50 K and then drops rapidly below 50 K. But for x = 0.02, the I monotonously increases with
cooling and reduces rapidly only below TN . These results indicate that the AFM spin fluctuations
are extremely strong in the undoped sample and appear to be suppressed upon Mg doping.
Introduction. – Triangular lattice antiferromagnets
(TLAs) have attracted considerable interests because ge-
ometrical spin frustration inherent to these systems re-
sults in exceptionally rich physical properties ranging over
spin liquid, [1, 2] quantum phase transition, [3] anoma-
lous large thermoelectric response, [4] superconductivity,
[5] and magnetoelectric properties. [6–8]
A typical example of TLAs is CuCrO2; it has a delafos-
site structure, which can be viewed as the alternate stack-
ing of edge-shared CrO6 octahedral layers and Cu layers
along the [001] axis (see the inset to Fig. 1). Cr ions form
an antiferromagnetic (AFM) triangular sublattice, and the
compound enters a long range AFM ordered state below
the Ne´el temperature TN ∼ 26 K. [9] Previous powder
neutron diffraction study proposed that the ground state
has an out-of-plane incommensurate spiral-spin structure
with an in-plane wave vector q = (0.329, 0.329, 0) below
TN . [10] In this spiral-spin ordered phase, the compound
exhibits ferroelectricity driven by the magnetic order, [8]
whose polarization P can be tuned by using both mag-
netic and electric fields. [11] In addition, for CuCrO2 the
temperature dependence of magnetization starts to devi-
(a)To whom correspondence should be addressed; Email:
zhequ@hmfl.ac.cn
ate from the Curie-Weiss law at ∼ 200 K, around which a
crossover occurs in the conductivity from a thermal acti-
vation behavior to variable range-hopping one. [9]
Magnesium doping appears to be quite unique in this
system. Usually the introduction of non-magnetic dopants
into a magnet will weaken the magnetic transition, e.g. the
Ca, Al doping in CuCrO2. [12, 13] But the Mg substitu-
tion for Cr leads to the sharpen of the AFM transition
and the large enhancement of magnetization around TN ,
which means that the magnetic order is enhanced by Mg
doping. [9, 12] This is thought to stem from the partially
lifted residual magnetic frustration due to spin fluctua-
tions, which are enhanced through the interaction between
the hole introduced by Mg doping and the localized Cr
spins. [9, 12]
All these behaviors hint that there is a close relation
between the magnetic and transport behaviors even at
temperatures much higher than TN and the spin fluctu-
ations might play an important role. Previous powder
neutron diffraction probes observable intensity of (000)
magnetic peak below ∼ 70 K, which is attributed to the
occurrence of appreciable short-range magnetic interac-
tions [10]. However, the evolution of the spin fluctuations,
and how the Mg doping will affect the spin fluctuations,
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Fig. 1: (color online) Powder XRD patterns of CuCrO2 and
CuCr0.98Mg0.02O2. The solid curve is the best fit from the Ri-
etveld refinement using GSAS. The vertical marks indicate the
position of Bragg peaks and the bottom curves show the dif-
ference between the observed and calculated intensities. Inset
to the left panel shows the delafossite structure of CuCrO2.
are still not fully understood in CuCrO2 system.
Electron spin resonance (ESR) spectroscopy has been
known as a powerful probe for the study of static and
dynamic magnetic correlations on a microscopic level in
strongly correlated materials. In this work, we use this
tool to examine the micromagnestism in undoped and 2%
magnesium doped CuCrO2. Our results suggest that the
AFM spin fluctuations develop well above TN in CuCrO2
but appear to be suppressed upon Mg doping.
Experiment. – Polycrystalline samples of
CuCr1−xMgxO2 with x =0 and 0.02 were prepared
by the conventional solid-state reaction method described
in [8]. Stoichiometric proportions of high purity CuO
(99.995%), Cr2O3 (99.97%) and Mg (99.9%) were mixed
and heated at 1000 oC in air with several intermediate
grinding. Finally, they were pelletized, and then sintered
at 1100 oC for 30 hours. The structure and the phase
purity of the samples were checked by powder X-ray
diffraction (XRD) at room temperature. Magnetiza-
tion measurements were performed with a commercial
superconducting quantum interference device (SQUID)
magnetometer (Quantum Design MPMS 7T-XL). The
electron spin resonance spectra were collected using a
Bruker EMXplus 10/12 CW spectrometer at X-band
frequencies equipped with an Oxford continuous flow
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Fig. 2: (color online) Temperature dependence of the magne-
tization (M) and the reciprocal magnetic susceptibility (1/χ)
of CuCr1−xMgxO2 with x = 0 (closed circle •) and 0.02 (open
square ) at 0.5 T, respectively. The straight lines are for the
Curie-Weiss behavior.
cryostat.
Results and Discussion. – Fig. 1 displays the pow-
der XRD patterns of CuCr1−xMgxO2 at room tempera-
ture. Rietveld refinement [14, 15] of the XRD patterns
confirms that both samples are single phase with a hexag-
onal R3m structure. This refinement obtains lattice pa-
rameters, a = 2.9751 A˚, c = 17.1057 A˚ for x = 0 and a =
2.9765 A˚, c = 17.1106 A˚ for x = 0.02, which agree well
with previous reports within the experimental error. [9]
The temperature dependence of the magnetization
M(T ) is shown in Fig. 2. For the undoped sample, it
reveals a characteristic downturn below 26 K, which is as-
sociated with the paramagnetic (PM) to AFM transition.
Mg doping results in the sharpen of the AFM transition
and the large enhancement of magnetization around TN ,
suggesting the enhanced AFM magnetic order. We per-
form the Curie-Weiss analysis on these two samples, i.e.
χ ∝ C/(T − TCW ), where C is the Curie constant and
TCW is the Curie-Weiss temperature. The reciprocal sus-
ceptibility 1/χ is plotted as function of the temperature
T , which is also shown in Fig. 2. It can be seen that
for the undoped sample 1/χ shows an upward deviation
of from the linear below ∼ 200 K and the fitting yields a
Curie-Weiss temperature TCW = -170 K, suggesting large
AFM spin fluctuations. When Mg is introduced in the
system, the temperature corresponding to the deviation of
the χ−1(T ) from the linearity, and the Curie-Weiss tem-
perature of x = 0.02, change to 60 K and -135 K, re-
spectively. All these results are consistent with previous
reports, [9,12,16] confirming that our samples are of high
quality.
To obtain detailed information on the spin fluctuations,
electron spin resonance spectra for CuCr1−xMgxO2 were
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Fig. 3: (color online) Electron spin resonance (ESR) spectra
of CuCr1−xMgxO2 shown at typical temperatures. The lines
are displaced for clarification. Open circles ◦ represent the
data and the solid lines show the fitting results to a Lorentzian
lineshape. The intensity of the ESR spectra at 35 and 10 K for
x = 0 and at 10 K for x = 0.02 are magnified by 5 times.
measured. Fig. 3 displays typical spectra at several tem-
peratures. The spectra for all temperatures consist of a
broad exchange-narrowed resonance line and can be very
well fitted by a single Lorentzianline shape, indicating an
insulating environment for Cr ions in CuCr1−xMgxO2. By
performing such a fitting, the parameters including the g
factor, the linewidth △H , and the ESR intensity I can be
obtained, which are summarized in Fig. 4.
Let us first discuss the temperature dependence of the
effective g factor, which is shown in Fig. 4 (a). At high
temperature, the effective g factor is close to 1.97, which
is slightly below the free-electron value in accordance with
the expectation for transition-metal ions with a less than
half-filled d shell. [17] With decreasing temperature, it
monotonously decreases upon cooling. The deviation of
the g factor from the high temperature value can be de-
scribed by a thermally activated model, i.e., the Arrhe-
nius law ∆g ∝ exp(∆E/kBT ), where ∆E is the activa-
tion energy. An obvious deviation occurs below ∼ 100
K, which can be clearly seen in the insets to the Fig. 4
(a). Such a deviation indicates that there is a rapid shift
of the resonance field toward high field. The linewidth
in CuCr1−xMgxO2 shows similar behavior to the g fac-
tor (see Fig. 4 (b)). For both samples, the linewidth in-
creases with decreasing temperature and tends to diverge
when the temperature approach TN . The insets to Fig.
4 (b) display the ∆H(T ) replotted as ln∆H vs. 1000/T .
It is found that at high temperatures the linewidth also
obeys the Arrhenius law and again deviates from this re-
lation below ∼ 100 K. Both the behaviors of the g factor
and the linewidth ∆H indicate the formation of a strong
internal field above TN and suggests that the AFM spin
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Fig. 4: (color online) The g factor, the linewidth △H , and the
normalized ESR intensity I by its value at 300 K, as function of
temperature T for CuCr1−xMgxO2 with x = 0 and 0.02. The
solid lines represent for the fitting results by the thermal activa-
tion model. Insets respectively display the g(T ), ∆H(T ), and
I(T ) replotted as lng, ln∆H , and lnI as function of 1000/T
for x = 0 (upper inset) and 0.02 (lower inset).
fluctuations develop below ∼ 100 K.
The ESR intensity I provides further information on the
evolution of the AFM spin fluctuations. Fig. 4 (c) displays
the normalized ESR intensity I by its value at 300 K as
function of the temperature. It is well known that the
ESR intensity in the PM regime is usually described by
the Arrhenius law I ∝ exp(∆E/kBT ). [18–20] The Arrhe-
nius plots of the intensity for both sample is shown in the
insets to Fig. 4 (c). For x = 0, the ESR intensity first
increases with decreasing temperature and can be fitted
to an Arrhenius law at high temperatures (see the insets
to Fig. 4 (c)). But with further cooling, it deviates from
the thermal activation behavior below ∼ 170 K and be-
comes almost temperature independent between ∼ 100 K
and 50 K. Below ∼ 50 K, a fast suppression of the ESR
intensity occurs. Since both the temperature independent
behavior and the suppression of the ESR intensity occur
at temperature much higher than TN = 26 K in the un-
doped sample, they can not be simply attributed to the es-
tablishment of the long-range AFM order. Instead, these
p-3
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intriguing phenomena should be related to the develop-
ment of the AFM spin fluctuations at temperature much
higher than TN . As discussed before, the behaviors of the
g factor and the linewidth in CuCr1−xMgxO2 suggest the
appearance of the AFM spin fluctuations below ∼ 100 K.
The development of the AFM spin fluctuations will lead to
the weakening of the ESR intensity, results in downward
deviation from the Arrhenius law. With further cooling,
the AFM spin fluctuations become increasingly stronger,
making the ESR intensity almost temperature indepen-
dent. When the temperature decreases below ∼ 50 K, the
AFM spin fluctuations become extremely strong and even-
tually result in a rapidly suppression of the ESR intensity.
On the other hand, although the ESR intensity for x =
0.02 also follows the thermal activation model at high tem-
peratures and shows some downward deviation below ∼
170 K, it monotonously enhances with decreasing tem-
perature and only weakens rapidly when temperature de-
creases below TN . Such a behavior is distinctly differ-
ent from that for the undoped sample. One may concern
whether such significant difference might be related to a
possible magnetic impurity phase, MgCr2O4 spinel, which
usually occurs in the Cu-Cr-Mg-O system [9, 16]. How-
ever, previous high field ESR results [21] indicate that
the ESR intensity of MgCr2O4 decreases with decreasing
temperature when the temperature decreases below ∼ 80
K, which clearly contradicts with the behavior observed
in the Mg doped sample. Additionally, the characteris-
tic peaks of MgCr2O4 are absent in the XRD pattern for
CuCr0.98Mg0.02O2 (see the lower panel in Fig. 1). This
indicates that even if the MgCr2O4 does exist the amount
must be very tiny. The nominal composition of Mg could
provide estimation for the upper limit of the amount of
the impurity phase; i.e. they could not exceed 2% of the
sample with all Mg forming MgCr2O4 spinel. Such tiny
amount of MgCr2O4 could hardly introduce large impact
on the results. Therefore, we can conclude that there is no
observable contribution to the ESR from MgCr2O4 spinel
in our sample and the significant change of ESR behavior
induced by Mg doping must be intrinsic.
By comparison with the behavior of the ESR intensity
for x = 0, it is obvious that the ESR intensity for x =
0.02 increases faster below ∼ 100 K, which suggests that
although the AFM spin fluctuations also appears in x =
0.02 at temperatures well above TN , they are much weaker
than that in x = 0. This result means that magnesium
substitution for Cr appears to suppress the AFM spin fluc-
tuations in the system. Such an evolution of spin fluctu-
ations with Mg doping is in contradiction with previous
expectation that spin fluctuations will be enhanced upon
Mg doping [9, 12] Therefore, the mechanism behind the
intriguing magnetic and transport properties in this sys-
tem need to be reconsidered by taking into account the
experimental results discussed above.
Conclusion. – In summary, we have performed a
comprehensive ESR study to investigate the spin dynam-
ics in CuCr1−xMgxO2. The analysis of the g factor, the
linewidth ∆H and the ESR intensity I as function of the
temperature suggest that significant AFM spin fluctua-
tions appear at temperature well above TN in both sam-
ples. The evolution of the spin fluctuations with temper-
ature and Mg doping is mapped out. Our results indicate
that the AFM spin fluctuations are extremely strong in
the undoped sample and appear to be suppressed upon
Mg doping.
∗ ∗ ∗
This work is supported by the State Key Project
of Fundamental Research of China under contract No.
2007CB925001 and 2010CB923403.
REFERENCES
[1] Ramirez A. P., Hessen B., andWinklemann M., Phys.
Rev Lett., 84 (2000) 2957.
[2] Nakatsuji S., Nambu Y., Tonomura H., Sakai O.,
Jonas S., Broholm C., Tsunetsugu H., Qiu Y., and
Maeno Y., Science, 309 (2005) 1697.
[3] Fortune N. A., Hannahs S. T., Yoshida Y., Sherline
T. E., Ono T., Tanaka H., and Takano Y., Phys. Rev.
Lett., 102 (2009) 257201.
[4] Lee M., Viciu L., Li L., Wang Y., Foo M. L.,
Watauchi S., Pascal Jr. R. A. , Cava R. J., and Ong
N. P., Nature Mater., 5 (2006) 537.
[5] Takada K., Sakurai H., Takayama-Muromachi E.,
Izumi F., Dilanian R. A. and Sasaki T., Nature, 422
(2003) 53.
[6] Kimura T., Lashley J. C., and Ramirez A. P., Phys.
Rev. B, 73 (2006) 220401.
[7] Kenzelmann M., Lawes G., Harris A. B., Gasparovic
G., Broholm C., Ramirez A. P., Jorge G. A., Jaime
M., Park S., Huang Q., Shapiro A. Ya., and Demi-
anets L. A., Phys. Rev. Lett., 98 (2007) 267205.
[8] Seki S., Onose Y., and Tokura Y., Phys. Rev. Lett.,
101 (2008) 067204.
[9] OkudaT., Jufuku N., Hidaka S., and Terada N., Phys.
Rev. B., 72 (2005) 144403.
[10] Poienar M., Damay F., Martin C., Hardy V., Maig-
nan A., and Andre G., Phys. Rev. B., 79 (2009) 014412.
[11] Kimura K., Nakamura H., Kimura S., Hagiwara M.,
and Kimura T., Phys. Rev. Lett., 103 (2009) 107201.
[12] Okuda T., Beppu Y., Fujii Y., Onoe T., Terada N.,
and Miyasaka S., Phys. Rev. B, 77 (2008) 134423.
[13] Okuda T., Onoe T., Beppu Y., Terada N., Doi T.,
Miyasaka S. and Tokura Y., J. Magn. Magn. Mater.,
310 (2007) 890.
[14] Larson A. C. and Von Dreele R. B. (Editors), General
Structure Analysis System (GSAS) (Los Alamos National
Laboratory Report LAUR 86-748) 2000.
[15] Toby B. H., J. Appl. Cryst., 34 (2001) 210.
[16] Maignana A., Martin C., Fre´sard R., Eyert V.,
Guilmeaua E., He´bert S., Poienar M., and Pelloquin
D., Solid State Commun., 149 (2009) 962.
p-4
Spin dynamics in triangular lattice antiferromagnets CuCr1−xMgxO2
[17] Abragam A. and Bleaney B. (Editors), Electron Para-
magnetic Resonance of Transition Ions (Clarendon, Ox-
ford) 1970.
[18] Shames A. I., Rozenberg E., McCarroll W. H.,
Greenblatt M., and Gorodetsky G., Phys. Rev. B, 64
(2001) 172401.
[19] Shames A. I., Rozenberg E., Gorodetsky G. and
Mukovskii Ya. M., Phys. Rev. B, 68 (2001) 174402.
[20] Zhou Shiming, Shi Lei, Yang Haipeng, and Zhao
Jiyin, Appl. Phys. Lett., 91 (2007) 172505.
[21] Yoshida M., Hirano T., Inagaki Y., Okubo S., Ohta
H., Kikuchi H., Kagomiya I., Toki M. and Kohn K.,
J. Phys. Soc. Jpn., 75 (2006) 044709.
p-5
